Abstract-A multiwavelength RZ optical source with equal amplitudes and pulsewidths is successfully obtained by using wavelength conversion in a nonlinear optical loop mirror consisting of a common dispersion shifted fiber. The converted wavelengths of the eight signal pulses are in agreement with the ITU-T proposal and a commercial arrayed-waveguide grating is used for demultiplexing in the frequency-domain. By using the new source 8 40 Gb/s WDM transmission over 55 km conventional fiber was realized.
I. INTRODUCTION
B ROAD-BAND low-noise optical sources are of a vital importance for future large-capacity flexible optical network utilization of both optical time-division multiplexing (OTDM) and wavelength-division multiplexing (WDM) [1] . It is an effective method to generate short pulses by using the supercontinuum method, but a dispersion-flattened fiber for generating the supercontinuum and a special WDM filter for filtering the channels will be needed [1] . In this letter, the RZ pulses at eight wavelengths were realized by using wavelength conversion in a nonlinear optical loop mirror (NOLM) consisting of a common DSF. The converted wavelengths of the eight signal pulses are in agreement with the ITU-T proposal and a commercial arrayed-waveguide grating (AWG) is used to realize demultiplexing in the frequency-domain. The converted pulses at the different wavelengths have nearly equal widths and amplitudes. By using the new source Gb/s WDM transmission over 55 km conventional fiber was realized.
II. EXPERIMENTS AND RESULTS
The experimental setup is shown in Fig. 1 . The outputs of eight commercial distributed feedback (DFB) lasers are combined in a commercial AWG having a wavelength spacing of 1.6 nm. These lasers operate at the ITU-standardized wavelength proposal. 1546.8 nm gain-switched DFB LD that generates 9.1 ps (FWHM) pulses after compression in a dispersion compensated fiber (DCF). The RZ pulses at eight wavelengths were realized simultaneously by using wavelength conversion in the NOLM. The lengths of the DSF's in the NOLM's for wavelength conversion (WC-NOLM) and demultiplexing (D-NOLM) are both 3 km. We measured the characteristics of the DSF's. The results show that the zero dispersion wavelengths of the DSF's in WC-NOLM and D-NOLM are 1550.7 and 1555.0 nm, respectively; the dispersion slopes of the DSF's are both 0.08 ps/nm/km, and the fibers are common DSF's. Fig. 2 shows the pulse FWHM filtered out from the converted output pulses using another commercial AWG. The optical spectrum from Port 2 after wavelength conversion is shown in inset (a) of Fig. 3 . Equal amplitudes and nearly equal pulsewidths at different wavelengths are obtained. The pulsewidth of the converted pulse is narrower than that of the control pulse. After adding the LiNbO modulator, and modulating the optical pulses with a pseudorandom bit sequence (PRBS) of length , bit-error rates (BER's) of the eight 10 Gb/s channels were measured. The BER curves (Fig. 3) show no error floors and the measured power penalties for are all within 4 dB. The power penalties are mainly attributed to reduced signal to noise ratio (SNR), and the un-flattened gain of EDFA leads to different penalties of different channels. Increasing the input power of the CW light into the NOLM is beneficial for SNR improvement of the converted signal, and for reducing the power penalty. Our experiment has shown that the power penalty is very small and even negative when only one-channel CW light with an average power of 14 dBm is used [2] .
We now modulate the control pulses using a PRBS. Then the converted signals are multiplexed to 40 Gb/s by using optical delay lines. We use an optical notch filter (ONF) with free spectrum range (FSR) of 15 nm to suppress the control signal. The FSR is a little narrow, so some channels are also suppressed, which can be seen from inset (a) in Fig. 4 , and consequently the BER of these channels will be affected. The OTDM-WDM signals were then amplified to 12 dBm in average power by an EDFA, they were compensated by 4.8 km DCF after transmission through 30-km single-mode fiber (SMF), then amplified to 12 dBm again, and transmitted through another 25-km SMF and 3.6-km DCF. No effort was made to optimize the order of SMF's and DCF's. The average dispersion of the whole fiber span is 0.3 ps/nm/km. The output signals were filtered by another commercial AWG. All optical demultiplexing from 40 to 10 Gb/s was realized 1041-1135/00$10.00 © 2000 IEEE in the time-domain by another NOLM. The demultiplexed 10-Gb/s signal was detected by an optical receiver, and BER performance was measured and is shown in Fig. 4 . Here, denotes the walkoff time between the 10 GHz control pulses and the 40-Gb/s OTDM signals. Channel 1 and 2 are close to the control pulses with the center wavelength 1546.8 nm; the control pulses can not be effectively suppressed by an optical filter when they are demultiplexed from 40 Gb/s to 10 Gb/s in the time-domain, hence the BER's of channel 1 and channel 2 are not measured. However, clean eye diagrams of channel 1 and 2 after transmission over 55-km SMF can be obtained. As an example, inset (b) in Fig. 4 shows the eye diagram of channel 1 after transmission and inset (c) in Fig. 4 shows the eye diagram of channel 5 after transmission and demultiplexing in the time domain. Clean eye diagrams of the OTDM signals and demultiplexed signals can be seen. From Fig. 4 , comparing with the penalty of the back-to-back measurement, we can see that the power penalties are small after the optical signals have been transmitted over the fiber span. These results confirm that the kind of RZ pulse source presented here is promising as a Tb/s OTDM-WDM transmitter. 
III. DISCUSSION
It is well known that fiber dispersion and walkoff between the control pulses and the CW lightwave will broaden the pulsewidths of the converted signals. But Fig. 2 shows that the pulsewidths of the converted signals are compressed. It seems that our experimental results are contrary to the theoretical expectation. We use numerical simulation and analytical methods to analyze this question. The propagation of the control pulses and the co-propagating and counter-propagating waves in the 3 km DSF is governed by the nonlinear Schrödinger equation, the detailed numerical model is given in [3] . The wavelength of the CW lightwave is changed from 1549.3 nm to 1560.6 nm while the average powers of co-propagating and counter-propagating CW light waves are both 4 mW. Fig. 2 displays the results of a numerical simulation. It shows that the results of the numerical simulation are in agreement with those of the experiments. Because the dispersion and walkoff time of channel 8 are a little large, the pulsewidth of the converted pulses is a little larger than that of the other channels. From Fig. 2 we can see that the pulsewidths of the converted pulses are compressed. Within the wavelength range from 1549.3 nm to 1560.6 nm, there is a small walkoff and small dispersion, so XPM is the main effect. When only XPM effect is considered, the power of the converted pulses can be expressed by the following equation [4] :
Here is the length of DSF and and are the peak power of control pulses and the power of the CW lightwave, respectively.
is the pulsewidth of the control pulses which is related to the FWHM pulsewidth by . represents the XPM parameter between the control lightwave and the DFB-LD's and it ranges from to 2 [4] ; here, we assume parallel polarization between control signal and CW lasers and hence . With only XPM effect considered, Fig. 5 shows the waveforms obtained from (1) . It is clearly seen that the converted pulsewidth depends on the peak power of the control pulses. When the peak power of the control pulses is smaller than 242 mW, the converted pulses are compressed. When the peak power of the control pulses is larger than 242 mW, the converted pulses will be split and the pulsewidths will be broadened. With only XPM effect considered, the peak power of the control pulses for the conversion efficiency [5] of 1 is 242 mW. It should be pointed out that the peak power of the control pulses for conversion efficiency of 1 will be larger than 242 mW if also other effects are taken into account [5] . Because XPM effect is independent of the converted wavelengths, the pulsewidths at different converted wavelengths will be the same when only XPM effect is considered. When the wavelength of the CW lightwave is increased to 1560.6 nm, dispersion effect and walkoff effect can no longer be fully ignored. In order to obtain equal pulsewidths of the converted signals at different channels as well as we can, we can adjust the polarization controller of the DFB-LD at channel 8 and in this way change . From (1), we can see that can affect the pulse shape. Our experiment shows that the polarization directions of the converted signals are not completely the same; however, our modulator is sensitive to the polarization direction and we do not have eight modulators available at the same time. For these reasons, in our experiment, we place the modulator between the GS-DFB laser and the NOLM, not between the NOLM and the multiplxer.
Our experiments have shown that when the walkoff time between the control pulses (10 GHz) and the OTDM signals ( Gb/s) is 2 ps, there is a minimal power penalty [3] . When the walkoff time is larger than the optimal value, the penalty will be increased. It is obvious that the walkoff time in our experiment is larger than the optimal value. Because of the large walkoff, when we use a pattern length of channel 3 and 4 will show an error floor at ; therefore, we use a pattern lengths of in the experiment presented here. In order to reduce the walkoff, we use control pulses at 1560.6 nm to demultiplex the 40 Gb/s OTDM signals and in that case there is no sign of error floor up to .
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